ABSTR AC T
Background and study aims Limited international data have shown that non-physicians can safely perform upper endoscopy, but no such study has been performed in the United States. Our aim was to assess the quality of outpatient upper endoscopies performed by nurse practitioners (NPs). Results Three NPs performed 333 upper endoscopies (distribution of 166, 44, and 123, respectively). Of the cases, 98.2 %s were successfully completed to the second portion of the duodenum. In most cases, photo-documentation of required anatomical landmarks was performed: GE junction (84.2 %), GE junction in retroflexed view (84.2 %), antrum (82.1 %) and duodenum (80.9 %). Photo-documentation improved with increasing experience. NPs appropriately performed biopsies for specific medical conditions: 10/11 (90.9 %) gastric ulcers were biopsied and 63/66 (95.5) of patients with iron deficiency had duodenal biopsies performed for celiac disease. A physician endoscopist was required during the procedure 22.5 % of the time. Important parameters such as documenting informed consent (100 %) and documenting a discharge plan (99.4 %) in the procedure reports were overwhelming present. There was a single adverse event during the study period.
Patients and methods

Conclusion
In the first US study of NPs performing upper endoscopy, they were able to perform high-quality and safe upper endoscopies. These findings support incorporation of non-physicians alongside physicians to help meet the growing demand for endoscopic services across the United States.
The limited data describing non-physician-performed upper endoscopy come from the United Kingdom and Africa and suggest that upper endoscopy performed by non-physicians is both safe and effective [14 -17] . In addition, a recent meta-analysis of non-physician-performed endoscopy suggested that outcomes are similar to procedures performed by physicians [4] . Given the paucity of data for upper endoscopy, we sought to examine the quality data for upper endoscopies performed by nurse practitioners (NPs) at a large safety-net hospital. NPs are advanced practiced nurses who have acquired the expert knowledge base, complex decision-making skills and clinical competencies for expanded practice, the characteristics of which are shaped by the context and/or country in which they are credentialed to practice [18] . The majority of NPs have a master's degree and have trained longer compared with the majority of other non-physician endoscopists who participated in other studies. We hypothesized that upper endoscopies performed by NPs would meet the same standards as physicianperformed upper endoscopy, according to recognized safety and quality standards in the United States [19] .
Methods and materials
Study design
The study was a retrospective chart review of upper endoscopies performed by 3 NPs at the Zuckerberg San Francisco General Hospital and Trauma Center (ZSFG). Data were abstracted from endoscopy reports, pathology and clinical reports present in the electronic medical record.
Study setting
ZSFG is a safety-net institution (i. e., provides a significant level of care to low income, uninsured, and vulnerable populations) affiliated with the University of California, San Francisco. Patients are ethnically diverse (20 % African American, 20 % Asian/Pacific Islander, 25 % Caucasian, and 30 % Hispanic), and many are immigrants with more than 20 different languages spoken by patients. Approximately 36 % of outpatients at ZSFG lack insurance, 34 % have MediCal (California's Medicaid program), 16 % have Medicare, and 14 % report commercial payers or other sources. The ZSFG Gastroenterology Division receives 5,300 referrals annually for a wide spectrum of gastrointestinal related conditions and performs over 4,000 endoscopic procedures per year.
Training
At the Zuckerberg San Francisco General Hospital, a program was developed in 2006 to train a NP to perform colonoscopies and expanded to include upper endoscopy in 2010. After the first NP was trained, 2 additional NPs were trained in both procedures, one in 2011 and the other in 2012. All 3 NPs had master's degrees and had practiced for several years prior to being selected to join the endoscopy unit. One of the NPs had 2 years of experience performing flexible sigmoidoscopy. One NP had been trained on colonoscopy first before learning upper endoscopy while the other 2 NPs learned colonoscopy and upper endoscopy at the same time.
Training for the NPs included a structured curriculum of readings and ASGE endoscopy videos related to the background and practice of colonoscopy and upper endoscopy which occurred over a four-month time period. The curriculum was prepared by the Director of Clinical Gastroenterology in accordance with ASGE guidelines. In addition, the NPs received lectures on topics related to upper endoscopy. Following the curriculum, the NPs underwent hands-on training by performing upper endoscopies under direct observation by a physician endoscopist, all of whom had experience in training gastroenterology fellows in endoscopy. The NPs were proctored for 150 upper endoscopies prior to being assessed for competency in upper endoscopy in accordance with ASGE recommendations [20] . Once they achieved this competence, the NPs were allowed to perform upper endoscopies independently.
During independent practice, the NPs underwent direct observation and auditing of their documentation on a quarterly basis. The NPs only performed endoscopy on outpatients scheduled for a diagnostic procedure for common indications such as dyspepsia, gastroesophageal reflux disease, follow-up of a gastric ulcer, or dysphagia. When a NP performed an endoscopy, there was always an available physician endoscopist to assist with therapeutic maneuvers or to provide a second opinion. If a physician endoscopist was called, the NP would add the physician to the endoscopy report; however, no documentation to explain the reason for physician participation was required. The NPs were allowed to perform diagnostic maneuvers such as mucosal biopsies. All procedures on inpatients or patients requiring therapeutic maneuvers (variceal banding, argon plasma coagulation, endoscopic clips, endoscopic banding, hemostatic injection or sclerotherapy) were performed by a physician endoscopist. In such situations or in the case of an adverse event (AE), a physician endoscopist would assume care of the patient. Following the procedure, the NP documented his or her findings and plan in the endoscopy software (Provation ® ), prescribed required medications, followed up pathology results and contacted the patient as appropriate.
Data collection
Following approval by the UCSF institutional review board, a retrospective chart review of upper endoscopies performed by the 3 NPs from the beginning of October 2010 through the end of February 2013 was performed. Data from all independently performed endoscopies were collected. Endoscopies were excluded if a physician endoscopist was listed as the primary endoscopist. The data were abstracted from the endoscopy report and from the electronic medical record. Data were abstracted for the patient and procedure demographics and documented quality indicators (completed procedure, photo documentation, appropriate biopsies, attending participation, documenting follow up plans, adverse events). The electronic medical record was accessed for pathology data, emergency department visits within 30 days, AEs, and procedure duration. Data collected included date of procedure, name of NP, number of upper endoscopies per NP, indication, duration of procedure (these data were not available for all endoscopies), age of pa-tient, race of patient, sex of patient, and American Society of Anesthesiologists (ASA) class, and pathology of biopsies.
Upper endoscopy quality indicators
Quality indicators were taken from the ASGE and American College of Gastroenterology (ACG) recommendation of practice guidelines [19] and from quality data collected by the endoscopy unit. Many of the indicators endorsed by these societies do not apply to procedures performed by the NPs as they are not credentialed to perform upper endoscopy on inpatients or on patients suspected of having gastrointestinal bleeding. From these practice guidelines the following indicators were selected for the study: obtaining consent, documentation of AEs, documentation of management of antithrombotic therapy, appropriate photo-documentation (gastroesophageal [GE] junction, antrum, retroflexion of the GE junction and the second duodenum), doses of medication, completion of the study, patient instructions, appropriate biopsies of non-bleeding gastric ulcers, measurement of Barrett's esophagus and appropriate biopsy of the esophagus, appropriate biopsy of the duodenum for celiac sprue, frequency of appropriate proton pump inhibitor (PPI) use following diagnosis of gastric or duodenal ulcer. In addition, other quality indicators collected for the study included physician endoscopist participation, gastric biopsies for dyspepsia, esophageal biopsies for dysphagia, duodenal biopsies for iron deficiency anemia, biopsies of any abnormality noted, and appropriate recommendation for PPI. For organization purposes, quality indicators were divided into 3 categories: 1) pre-procedure quality indicator, which included obtaining consent, documented use of anticoagulant/ antiplatelet prior to procedure; 2) intra-procedure indicators included completion of procedure, photo-documentation, biopsies taken for appropriate indication, and attending assistance, and 3) post-procedure quality indicators included documentation of discharge plan, complication and visits to the emergency department.
Statistical analysis
Statistical analysis was performed for comparisons among all NPs performing upper endoscopy and an assessment of individual NP performance over time with respect to quality indicators. Proportions and means were used to produce summary statistics. We used the Student t test to compare the means of continuous variables, the chi-square or Fisher's exact test, as appropriate to compare proportions. A P value < 0.05 was the threshold used for statistical significance. To assess individual NP performance over time, we used individual logistic regression analyses to univariably compare the means of blocks of 20 procedures by each NP. We report odds ratios and 95 % confidence intervals (CI) for all unvariate and multivariable analyses. A 95 % CI not overlapping 1, and P value < 0.05, was the threshold for statistical significance. The analyses were performed using Stata (Stata version 11, Statacorp, College Station, TX).
Date reporting
To protect the identity of our NPs, the order of NPs, as reported in this study, was randomized.
Ethical considerations
The Committee on Human Research at the University of California San Francisco approved this study.
Results
A total of 333 upper endoscopies were performed by the 3 NPs (distribution of 166, 44, and 123, respectively) during the study period. Characteristics of the endoscopies by provider are outlined in ▶ Table 1 . The most common indication was dyspepsia, reflux or nausea (55.0 %) followed by iron deficiency anemia (20.1 %). Most patients were Asian (46.0 %), had a mean age of 52.8 years, and had a mean ASA score of 1.8. Mean procedure duration was 6.4 ± 0.2 minutes with mean doses of fentanyl 80.7 mcg (± 27.7mcg) and midazolam 3.2 mg (± 1.1 mg) administered for sedation.
Pre-procedure quality indicators ▶ Table 2 highlights results of the quality indicators for NPs performing upper endoscopy. For the quality measures prior to the start of endoscopy, consent was performed in 100 % of cases and the patient was asked about prior use of anticoagulant or antiplatelet agents in 99.4 % with no significant differences among the 3 NPs.
Intra-procedure quality indicators
Of the 333 upper endoscopies, 98.2 % were completed to the second portion of the duodenum. Five of the 6 cases that were not completed were aborted due to patient intolerance and 1 was aborted due to an obstructing adenocarcinoma. In most cases, photo-documentation of required anatomical landmarks was performed: GE junction in forward view (85.8 %), GE junction in retroflexed view (84.2 %), antrum (82.1 %) and duodenum (80.9 %). NP2 took consistently fewer photos compared to NP1 and NP3. In logistic regression analysis, the odds of appropriate photo-documentation increased with advancing procedural experience. Odds ratios (by blocks of 20 procedures) were as follows: GE junction in forward view: 1.56 (95 % CI 1.29, 1.91); GE junction in retroflexed view: 1.46 (95 % CI 0.23, 1.75), antrum: 1.49 (95 % CI 1.26, 1.77); duodenum: 1.35 (95 % CI 1.16, 1.57). In regards to appropriate biopsies per indication, the NPs performed the indicated biopsies in more than 90 % of procedures: 90.9 % gastric ulcers were biopsied, 94.3 % of patients with dyspepsia were biopsied for Helicobacter pylori, 95.5 % of patients with iron deficiency had duodenal biopsies performed for celiac disease, and 83.3 % of patients with dysphagia underwent esophageal biopsy. A physician endoscopist was required during the procedure 22.5 % of the time, more often for NP3. Overall, participation by a physician endoscopist did not decrease significantly with increasing experience. Original article stromal tumor. A physician endoscopist had assisted on the case and with the biopsies. Eleven patients (3.3 %) visited the emergency department within 30 days of the endoscopy but none, other than the above complication, was for a cause related to the procedure.
Post-procedure quality indicators
Discussion
Our study, which is the first to investigate NPs performing upper endoscopy in the United States, suggests that NPs are able to perform upper endoscopy safely and according to national quality guidelines. A number of important conclusions can be drawn from our study. First, by adhering to a systematic training program, NPs can be sufficiently trained to perform upper endoscopies in the outpatient setting. Secondly, NPs can safely perform high-quality upper endoscopies in an independent fashion under the guidance of an attending physician. These findings support incorporation of non-physicians alongside physicians to help meet the growing demand for endoscopic services across the United States.
One important finding from our study is that not only can non-physicians safely perform upper endoscopies, but that they can also perform a high-quality procedure as well. Previous research has shown the feasibility and safety of non-physicians performing upper endoscopy [4, 14 -16] ; whereas our study has expanded this research by investigating the quality of non-physician-performed upper endoscopy. Our study highlights that all NPs were able to successfully satisfy multiple quality indicators in the pre-procedure, intra-procedure and post-procedure process. Of note, there was some variation noted among the 3 NPs in terms of photo-documentation and performing biopsies for several indications. It is important to point out that all 3 NPs showed improvement over time with respect to these quality indicators. A possible explanation for these differences is that the NPs were trained prior to the introduction of the ASGE/ACG guidelines and they may not have been familiar with what needed to be documented. After the guidelines were published, the NPs received additional training on these approved quality guidelines. Moreover, while the NPs met quality indicators for upper endoscopies with few AEs, it is important to note that their procedure duration was not excessive. The mean NP procedure duration was 6.2 minutes which compares with other reported times by physicians performing upper endoscopy [15, 17] and that time decreased with in-▶ ASA, American Society of Anesthesiologists creasing experience of the NPs. Thus, our study illustrates that non-physicians can safely perform upper endoscopy, successfully meet all accepted quality indicators for upper endoscopy and do so at no significant increase in procedure time.
One critical question that arises from the study is the need for physician endoscopist involvement, both in terms of time required by the attending and cost of this resource. From our study, just under one-quarter of upper endoscopies involved an attending physician in procedures performed by an NP. In addition, there was tremendous practice variation with attending involvement with a high rate of attending assistance for 1 NP compared to the other NPs. As this was a retrospective study, physician participation was recorded but the reasoning for the participation was not. The NPs are required to have the assistance of a physician for certain therapeutic maneuvers, and therefore, physician participation is not necessarily an indication that the NP only requested a second opinion. Also, the amount of time that the physician spent in each case was not recorded and likely varied.
▶ Table 2 Procedure quality data. Furthermore, the financial impact of the supervising physician of the NPs is an important consideration. For example, there have been several conflicting studies regarding the costeffectiveness of all endoscopies performed by non-physicians [8, 21, 22 ]. Yet none of these studies has incorporated the need for physician assistance. In addition, none of these studies have addressed the differences in the cost and time to train physicians compared to non-physicians which are substantially different. The rate of physician participation and the difference in the cost of training would likely have a significant impact on the overall cost of implementing such a program. Therefore, future studies investigating the cost-effectiveness of non-physician endoscopy should attempt to capture these differences in order to make a better estimate.
One remaining issue in terms of physicians and NPs performing endoscopy may relate to differences in education of physicians compared with non-physicians. This was recently addressed by Stephens et al. [22] in a systematic review whereby they argued that the cognitive competency of physicians and nonphysicians is significantly different due to different types of training. In this review, it was raised that physicians tend to put the patient in the context of the overall clinical picture while nurses tend to work along protocols. Because cognitive competence requires more comprehensive training, which is typically reserved for physicians, one could argue that non-physician endoscopists may not be as effective in delivering care. In the delivery of care, providers must be able to do more than perform a procedure as they as need to evaluate the pathology, consider the patient's clinical risks, and recommend further treatment. Put another way, endoscopists need to be clinicians, not simply technicians. Stephens' conclusion was that physicians are better trained to handle these complex situations compared to non-physicians, who can rely on protocols that can only be applied to for simple tasks. Such a difference in cognitive competence possibly led to the finding in the MINuET Trial in the U.K. that showed a small gain in quality adjusted life years (QALYs) in the physician group compared to the nurse endoscopists [21] . In that article, the authors argued that the difference in QALYs was likely due to an increased number of follow-up tests ordered on patients who saw a non-physician for their procedure. The authors did note that as the differences in health outcomes were statistically similar, there was some uncertainty to the economic analysis. Their conclusion was that while physicians were currently more cost-effective, it would be necessary to reevaluate the cost-effectiveness over time as non-physician endoscopists gained more experience with performing procedures and ordering appropriate follow up tests for their patients.
Although the concern regarding cognitive competence is not without merit, we would argue that cognitive competence, like procedural competence, can be taught over time. Non-physicians have been performing flexible sigmoidoscopies for decades, but they are relatively new to performing upper endoscopies. As shown in our study, well-trained non-physicians can independently perform the procedure safely and according to quality standards. Non-physicians practice under the supervision of physicians and should be trained in cognitive aspects as well as the procedural to deliver the highest quality of care possible. At our center, the NPs all had master's degrees and had practiced in the challenging environments of the emergency medicine department and the intensive care unit (ICU) prior to their training in endoscopy. Their training was similar to those of the gastroenterology fellowship trainees except that the NP training focused solely on outpatients. As there is little published on the training protocols of non-physician endoscopists internationally, it is unclear how training of our NPs differed. However, in other medical fields nurse anesthetists and nonphysicians in the ICU have been trained to manage medically complex patients and have become an accepted part of medical teams in these specialties [23 -25] . As these non-physicians have been train to deal with cognitively challenging patients, we feel that there is a role for non-physicians in endoscopy.
One possible solution, as suggested in a recent review [26] , is to test incorporation of non-physicians in a smaller setting before incorporating on a larger scale. The authors acknowledge the competing concerns that the number of procedures are increasing but it is not known whether non-physicians can consistently deliver high-quality care or if their participation is cost-effective. Our study is unable to answer all these concerns but shows that a group of highly trained NPs are able to function independently within a defined scope of work and under the indirect supervision of physicians. Future studies of the cost-effectiveness of this approach and assessing the cognitive competency of the non-physicians would be useful to see whether this model can be expanded.
Our study has several limitations. Because it only examined NP procedures and at a single center, there was no comparison group of physician-performed endoscopies and the findings may not be generalizable. As well, there was no way to confirm the findings of the NPs because there was not a large enough group of patients who underwent a repeat procedure by a physician nor do we record endoscopies for review. However, the NPs have quarterly audits by a physician endoscopist to ensure quality endoscopy. In addition, we did not examine satisfaction of or acceptance by patients of a non-physician performing their procedure. Although previous work has shown high patient satisfaction with NPs performing colonoscopy [7] , it would be important to note this information for the population at a safety-net hospital. Another limitation is that there is no gold-standard for quality metrics for upper endoscopy. The ASGE/ACG guidelines pertain mostly to therapeutic procedures that are not performed by our NPs. Nonetheless, the quality metrics selected for this study seem to be generalizable and accepted measures of quality.
Conclusion
In summary, our study is the first from the United States to show that trained NPs were able to perform high-quality and safe upper endoscopies. Our data support continued discussion on incorporating and augmenting gastroenterology practices with expanding the role of non-physicians to assist with the high volume of endoscopic procedures. Incorporation of NPs into the endoscopy schedule may possibly lead to increased procedure volume and access and allow gastroenterologists to focus their attention on more complex and demanding procedures/cases. Importantly, continued research is required to determine optimal teaching methods and patient acceptance of this practice and to begin the development of standard guidelines for the scope of practice for non-physicians performing endoscopy. Future studies should compare NPs to physicians and assess costs associated with both groups. In this study, the first from the United States, trained NPs were able to safely perform upper endoscopies and meet general quality standards.
